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Chapter 3. Digital Resources and the Future of Libraries
Eric T. Meyer, Christine Madsen and Jenny Fry

The New Roles Emerging for Libraries and Archives
As e-research and digital scholarship mature, academic libraries and archives are re-assessing their roles in relation to scholarship. While the traditional responsibilities of academic libraries have not ceased, evolving research practices across all disciplines have changed the expectations of library users. Patrons depend upon desk-top access to a wide range of information in multiple formats and across diverse resources, and increasingly they do not expect for this access to come via their libraries (ARL Joint Task Force on Library Support for E-Science, 2007; B. P. Lynch & Smith, 2001).  In addition, the proliferation of informal channels of scholarly communication and data sharing now include working paper repositories, data repositories, blogs, wikis, and a growing list of other non-traditional outlets of scholarly activity beyond the journal article and scholarly monograph.
New media and means of storing and accessing information have put pressure on academic libraries and archives in the past, but there appears to be something new and different arising as a result of the current shift toward e-Research. The scale of data produced across all disciplines is larger than ever before, and this growth appears to be accelerating (Hey & Trefethen, 2003). Online production of and access to formal and informal communications has blurred the lines between the two, creating new challenges in information literacy and management. There is also growing evidence that work practices are changing across the disciplines—with collaborations increasing in the sciences, and access to digitised primary and secondary sources revolutionising how scholars in the humanities access and use these materials. 
Lying just below the surface of all of this is the little talked about issue of digital preservation, which will place further stress on libraries and archives. When the historians of the future study this era, will they be able to access the materials they require to reconstruct the activities of their subjects?  When today’s equivalent of Louis Pasteur is studied, will his digital lab notes have been as carefully preserved as were those of Pasteur, whose one hundred plus volumes reside at the Bibliotheque Nationale in Paris?  Will the future scholar who proves to be as influential as Richard Feynman leave a store of letters which will be available to serve as inspirations to others, or will they all have been e-mailed, IM’ed or twittered to their recipients and never preserved?
Also important to take into consideration is the data that is being collected and generated by researchers.  In 2007, the Association of Research Libraries in the U.S. issued a report arguing that e-Science presents a major opportunity for research libraries to become involved in the management and preservation of scientific data, but that so far “libraries have had little immediate engagement with these processes…[even though] e-science has the potential to be transformational within research libraries by impacting their operations, functions, and possibly even mission” (ARL Joint Task Force on Library Support for E-Science, 2007, p. 13).  In the face of these changes, it is important to get beyond hype and assumptions, and ask ourselves what is really different for libraries and archives as they continue to support research processes that include an increasingly hybridized mix of electronic and physical materials? And what does this mean for the future of libraries? 

To summarize how the increasing dependence on digital resources in academia is affecting libraries in a single chapter would require considerable overgeneralization of large and important issues. There is not only huge variation across the social sciences, humanities, and natural sciences, but significant differences among disciplines and sub-disciplines. Thus, rather than attempt a comprehensive review, this chapter will highlight a series of central issues that represent what we feel are some of the most pressing issues facing libraries in the age of e-Research and look at how these may (or may not) be influencing the direction for the future of academic libraries and archives. 

The Push for Open Access

In February of 2008, the Faculty of Arts and Sciences in Harvard University voted to create a repository to “to give the University a worldwide license to make each faculty member’s scholarly articles available [...] Harvard will take advantage of the license by hosting FAS faculty members’ scholarly articles in an open-access repository, making them available worldwide for free” (Mitchell, 2008). That open access repository will be built and maintained by the Harvard University Library. Similar mandates for openness have been seen particularly in the sciences and have come not just from faculties, but from funding bodies. Beginning in 2008, recipients of funding from the US National Institutes of Health (NIH) were required to make all publications freely available to the public through their deposit in PubMedCentral ("Consolidated Appropriations Act, 2008", 2008). Developments in the USA followed earlier similar UK mandates. For example, the 2006 directives from the Wellcome Trust (Wellcome Trust, 2006, October), a large medical research funder, and from the Research Councils UK (Research Councils UK, 2006), which is an umbrella organization for the various UK domain-specific research councils. 

Moves such as these signify three considerable changes, not just for individual institutions like Harvard, but for the academic research library at large: a shift toward libraries as publishers, changes in scope and scale of intended audience and of collections, and a general disintermediation of the scholarship process. 

Library as Publisher

While many academic libraries and archives have long been open to readers from other institutions and the general public, opening this much material on this scale is unprecedented.  The motivation for scholars is reasonably clear—the promise of enhanced visibility (Borgman, 2007, p. 101)—but the repercussions are not. The trend toward open access is clearly growing (there are nearly 3000 journals listed in the Directory of Open Access Journals [http://www.doaj.org]), but this growth is calling into question both the need for commercial publishers and the existence of a viable model for sustaining open academic resources (Nicholas, Huntington, & Jamali, 2007). Libraries in many ways are caught in between these two forces.  Libraries have long existed in a symbiotic relationship with the commercial publishers who assemble the materials they wish to access and distribute.  The relationship is often strained, however, because of the need to regularly negotiate journal subscriptions and bundled licenses.  When looking purely at the output of these decisions (i.e., the production of large accessible databases of academic writings), it seems that this move toward open access—as exemplified by the Harvard University Library example—is in fact potentially a move toward academic library as publisher. 

A recent report by the Association of Research Libraries in the United States indicates that this is in fact the case: “By late 2007, 44% of the 80 responding ARL member libraries reported they were delivering publishing services and another 21% were in the process of planning publishing service development. Only 36% of responding institutions were not active in this arena” (Hahn, 2008, p. 5). With libraries in a logical place to host faculty’s data and intellectual property it seems that the increasing demand for access to that work is being met through the creation of new models for scholarly publication within academic libraries. Abbot (2008) argues that it is the university presses that will continue to meet the most significant needs of scholars in terms of publishing monographs (in particular in the Humanities and Social Sciences); it remains to be seen, however, whether libraries will be able to fulfil the demand for journal materials.  The alternatives are that commercial publishers will successfully re-align themselves and create revenue models that create income from open-access journal publication, or that completely new players will step in and assume these roles.
Informal Communications

The question of how libraries could or should become involved in the system of informal communication of scholarly activity also deserves mention.  The emphasis that e-Research places on sharing, collaboration and data re-use means that the informal interactions that go into these collaborative efforts are also of potential interest to researchers interested in the scholarly process (Barjak, 2006). Informal communications have conventionally been fairly invisible, but are becoming increasingly visible as their traces appear in digital records and on websites (Wilkinson, Harries, Thelwall, & Price, 2003).  For example, domain-based institutional repositories and specialist Digital Curation Centres, in the UK, are examples of initiatives to harness unpublished scholarly communication produced not only as part of programmatic e-Research, but also more broadly defined research involving digital innovation.

Informal communications, such as correspondence, used to be collected by archives after-the-fact through the acquisition of faculty or scholars papers. In this system there are at least two points of selection that are at present commonly overlooked with electronic communications. The first is the initial selection of the archive itself—libraries and archives select whose papers they want and don’t want. They then process those collections (a document by document selection process) to weed out what they don’t want to keep. Now more of these communications are available immediately to collections, but are also often ephemeral as websites are taken offline, blogs are deleted, and e-mail accounts are discontinued as researchers move to new organizations or their organizations upgrade to new e-mail systems.
The Growing Audience of the Academic Research Library

Making materials freely available to the public on such a scale also calls into question the intended audience of the library itself. Most large academic libraries have some notion embedded in their mission statement of serving academia at large, or even the general public, but the general public usually comes last in the hierarchy. A shift toward making the intellectual output of an entire faculty available to the world seems to put much greater emphasis on the broader audience of academia if not the world at large. Is the first priority of Harvard’s libraries still to serve Harvard’s faculty and students above all else? Or has it made one further step toward being a distribution point goal to the public? The Harvard College Library Mission statement clearly preferences Harvard’s Faculty and students above the greater scholarly community:

The Harvard College Library supports the teaching and research activities of the Faculty of Arts and Sciences and the University. Beyond this primary responsibility, the Library serves, to the extent feasible, the larger scholarly community. (http://hcl.harvard.edu/info/administration/mission_statement.html)

But the mandate to open the scholarly output of its faculty freely to the world increases the emphasis on the latter: “At Harvard, where so much of our research is of global significance, we have an essential responsibility to distribute the fruits of our scholarship as widely as possible” (Mitchell, 2008).
The Disintermediation of the Scholarship Process

These mandates for open access expand not only the scale of the users of academic libraries, but the scope of the materials that these libraries are being asked to archive and deliver. While archives have long been dealing with unpublished materials and manuscripts, libraries traditionally have worked almost exclusively with ‘finished’ content. It seems—at least in retrospect—that the line between published and unpublished used to be much more clearly defined. While PubMedCentral serves as an open access publisher, projects such as arXiv from the Cornell University Library
 are blurring the line between published and unpublished materials by accepting and delivering pre-prints and drafts. The arXiv.org e-Print archive came into operation in August 1991 and it was estimated that by the mid 1990s essentially the whole of the high-energy physics community was participating in the archive. It is based on the concept of a ‘unified global archive’ where authors are responsible for ‘self-archiving’ pre-prints (Ginsparg, 2006). There is no formal process of peer review in arXiv and in this way it continues on a long-standing tradition in the field of the informal exchange of pre-prints. What is new about arXiv is 1) the scale with which this exchange can now take place; 2) the exposure of this informal communication to the public at large and 3) the involvement of the library in storing and providing access to pre-prints. 

Large, public repositories such as arXiv in this way highlight one of the biggest shifts for libraries brought about by open access mandates – the general disintermediation of the scholarship process. The relationship between academic libraries and journal publishers and distributors has been increasingly tense in the last few decades. As the prices for journal subscriptions continue to skyrocket
, libraries realized that they have been paying tremendous sums for electronic journals that contain the intellectual property of their own faculty. In the sciences, where a pay-to-publish model is more common, universities have in fact been paying twice for this material. So, if the shift to open access signifies a shift from the prevailing model, the relationship between libraries and authors may no longer be mediated by publishers. 

Whether looked at as a shift toward library as publisher or as a blurring of the lines between the published and the unpublished, the result is that libraries are becoming involved in more facets and at an earlier point in the knowledge creation lifecycle. 

Of Data, Tools, and Mash-ups

The physical sciences have been seen by many (Hey & Trefethen, 2003) as leading the way in data-centric e-research, but the field of digital humanities also has a long history in this area. We are seeing not a sudden shift, but an acceleration in electronic resources that began many decades ago.  This trend has been accompanied by increasing collaboration across disciplines: although disciplinary differences in scale remain, the general trend has been toward greater collaboration (Wuchty, Jones, & Uzzi, 2007). With a critical mass of materials now available, research practices are changing and academic research libraries and archives must change accordingly (Gold, 2008). 

The marked changes in research processes that are necessitating equivalent change in libraries come not only from the quantity of data now being produced, but also from the means and location of its production and its intended uses. The ease with which data can now be recorded does not necessarily match the ease with which it can be preserved. Furthermore, the ease with which data capture can be automated is pressing libraries to question the expensive and time-consuming process of selection.  Libraries have traditionally paid considerable attention to selection issues, deciding whether particular materials are appropriate expenditures in light of limited resources. This makes sense in the context of deciding whether or not to purchase a book or journal, both of which cost money and take up shelf space.  In the area of data, however, the notion of selectivity is quite different.  From a data management point of view, selectivity is quite expensive.  Raw data is cheaper to produce than carefully cleaned data, and complete datasets are cheaper to produce than having someone manually create a carefully selected subset of data.  Why is this so?  In order for data to be re-usable by researchers not involved with the original data collection, representations of the data (such as meta-data, data dictionaries, or ontologies) need to be created.  This process can be costly in terms of the person power required to clean and annotate the data, even in the research areas where data curation is semi-automated.  This intermediate data which has been cleaned and managed is often of more value to other researchers than either the raw data which was collected or the aggregated and summarized data that was reported in publications. However, if all data can be captured more easily and cheaply than some, does the library have the obligation to collect and subsequently manage all data? 
Should the department that produced complicated datasets with bespoke tools be obligated to archive its data? In addition, for those data that reside in non-standard formats, will the tools needed to access the data also be archived and maintained, or will the data be converted to standardized formats and documented with metadata (C. Lynch, 2008)? Archiving of raw data is quickly becoming the norm in some fields, which leads to the need to archive the tools with which that data can be read or reinterpreted.  The question of whether centralized library-based or de-centralized departmentally-based data storage is better in the long run will play itself out in the coming decade as disciplines re-define what it means to use and re-use data.  While libraries may be the most logical place for the long-term preservation of data—if only because decentralized departments may be a poor choice to ensure the long-term survival of this material—it is in those departments and with those domain experts that the tools and software that are needed to create interpret and re-interpret the data live.

The issue of data re-use becomes even more complex when researchers recombine data from sources among which they only control a portion: these data ‘mash-ups’ using tools such as Google Earth combined with researcher-generated data, for example, will cause particular difficulties with regard to establishing provenance, authenticity, and quality, combined with the added issue of determining who holds the intellectual property rights for these outputs.  With a Google Maps mash-up, the components are inseparable and further complicated by the intellectual property issues that arise from archiving components belonging to a commercial company. Does the library have the right to archive and provide long-term public access to a part of Google? What are the technical issues involved in archiving something that involves the continued presence of a commercial product? Re-use of data in novel ways is now easy. Checking up on all of the related legal and ethical issues before you re-use data is not. 
There are records of scholars complaining of ‘information overload’ from as far back as the 16th century (Blair, 2003), so concerns about increasing quantities of data can hardly be considered new. What is new, however, is the speed and ease with which data is being collected and recorded. Data points from the Large Hadron Collider (LHC) in CERN will be collected 40 million times per second. In one year the combined output of data from four experiments will be 15 petabytes
, corresponding to a stack of CDs about 20 kilometres tall (CERN Communication Group, 2008). Compare this to over a hundred years of data gathering at the Harvard-Smithsonian Center for Astrophysics, which produced 500,000 glass photographic plates between 1885 and 1993 (Harvard-Smithsonian Center for Astrophysics, 2008).


Prior to the introduction of continuous (or nearly continuous) recording devices in sciences such as physics, decisions had to be made up front about data capture. In essence, the scientists were enforcing a selection policy upfront. The LHC, on the other hand, gathers data almost constantly, and it is all kept not just for the immediate use of those who designed the experiments, but for future uses that are currently unknown. There was never an expectation that everything that could be seen from a land-based telescope would be recorded and archived, but there seems to be an expectation today that all scientific data that is capable of being captured will be kept indefinitely. Beyond the CERN example, continuous or near-continous data collection and storage is becoming commonplace using tools such as remote sensor arrays and automated data collection tools (Borgman, Wallis, Mayernik, & Pepe, 2007). It is not clear whether this is always done in anticipation of future research uses of these data (as with the LHC), or whether it is because with relatively inexpensive storage, it is easier and less expensive up front to save everything rather than to spend considerable time and effort deciding what to save.

This means libraries and archives responsible for the long-term curation of data now have two choices. The first is to accept this new (unspoken) mandate to keep and archive ‘everything.’ The second would be to become the first point of selection, and decide what to keep and what to cull. The selection process has always been an integral part of the function of the library. In deciding what to keep, there is always the implicit expectation that some things are not appropriate for long-term preservation. The current ‘data deluge’ is manifest in libraries not solely through a crisis over quantity, but through a shift of practice, away from selection and toward an expectation of wholesale archiving. 

We are not arguing that one of these options is clearly a more defensible position than the other. Each has considerable costs and benefits. Wholesale archiving, for instance, greatly reduces the intake costs for data, particularly if the institution responsible for maintaining the archive is not responsible for time-consuming and expensive steps such as data cleaning, documentation, and validation. The data will also be potentially available for future uses, some of which may be wholly unforeseen at the time of deposit. The costs of wholesale archiving, on the other hand, include contributing to the ‘data deluge’ not with quantity, but by taking in data without appropriate metadata. The upfront costs associated with selection often come under fire in libraries as being unnecessary, particularly as storage costs decrease. But well-described, organized data, selected by domain experts may in the long run be of greater use to scholars. 

Underlying this discussion about use and re-use of data lies an increasingly complex relationship between libraries, data, and users. A side effect of the maturation of e-Research has been a significant—yet implicit—redefinition of what it means to use and re-use data, born both of the seemingly endless array of tools at the disposal of the anyone with access to the Internet and the increasingly tight relationship between data and the tools with which it is produced.  Clifford Lynch, director of the Coalition for Networked Information, raises questions about the implications of this relationship on current disciplinary norms in scholarship,  “to what extent should articles incorporate the data they present and analyze, and to what extent should they simply reference that data?” (C. Lynch, 2007, p. 2). Taking advantage of the basic abilities of the Web to link to referenced data seems logical, but this answer is complicated by issues such as the current lack of persistent identifiers as well as trends in digital preservation toward maximizing copies
 (both of which would favour incorporation of data). Like the blurring of lines between formal and informal communication, changes in practice with regard to reference data could very well blur the line between raw and published data. To quote Lynch, “[t]he issues here are profoundly complex” (C. Lynch, 2007, p. 2).
The intertwining between digital objects of research and the research tools required to access, analyse, and manipulate that data also raises new archival issues. As for the case of mash-ups and data re-use discussed above, if a data model is published in a journal or an overlay journal (Ginsparg, 1996) linked to a data archive, is it sufficient to archive the article or journal alone, or does the underlying data also need to be archived? And what of the tool(s) used to create, access and analyse that data? The answers to this will likely vary from discipline to discipline as practices and conventions emerge. The British Atmospheric Data Centre (BADC), for example, now have an archiving policy for simulated data (deterministic predictions (or hindcasts)) based on algorithmic models as well as statistical analyses or composites of either or both of simulations and real data (British Atmospheric Data Centre, n.d.).

Although not an example of a library repository, BADC (like ArXiv) represents a new trend toward large centralized repositories. Yet there is still significant disagreement over whether centralized data archives or decentralized methods for data preservation are preferable.  Microsoft Research’s report on science in 2020, for instance, argues that “large, centralised, archival repositories are both dangerous and unworkable. They are dangerous because the construction of a data collection or the survival of one’s data is at the mercy of a specific administrative or financial structure; unworkable because of scale, and also because scientists naturally favour autonomy and wish to keep control over their information” (The 2020 Science Group, 2006, p. 19). The counter argument to this, of course, is that small decentralized departments producing data may be just as at the mercy of a specific administrative or financial structure; and that same autonomy that scientists naturally favour may encourage them to keep their data closed. On the other hand, data requiring complicated tools for reading and re-use may be best left to those who have created it, precisely because of the issue of tools mentioned above. Removing data from the context in which it was created may render it unusable. 

It has never been the role of the library to interpret or to analyse. Never-the-less the raw materials of our scholarly outputs are requiring more and more complicated hardware and software to just to be readable. This is no longer as simple as needing to archive the proper audio equipment along with a wax phonograph cylinder. This is not just a problem for the sciences, either, as shown by the widely used Persues Project from Tufts University. Perseus is a set of tools built on top of the classics of Western literature. It has been used and expanded by classicists at Tufts and elsewhere for over a decade. It is a product of the Classics Department of the University, not the library, but one might imagine it may eventually fall to the library to ensure its long-term sustainability. While it has been build around a text archive, it is not longer clear where the data end and the tools begin. They are inseparable in that each part is useless on its own.  

The way forward: What libraries need to do

Academic research libraries and archives are implementing, using, and storing more electronic technologies than ever before, and this, in turn, is changing the way librarians and archivists do their jobs.  Various studies have reported the increasing demands in job ads requiring that librarians possess new computer technology skills (B. P. Lynch & Smith, 2001), and the trends in library and information science education towards an increasing focus on information science and technology that either constitutes a crisis (Gorman, 2004) or an opportunity to embrace changes that will ensure libraries remain relevant in an increasingly technological world (Dillon, 2005).  Arguably, these changes represent a technological elaboration on the kinds of roles that librarians and archivists have always played, not completely new roles.

Libraries have always been collectors, aggregators, repositories, and disseminators of scholarly information, and this will continue to be true for the foreseeable future. Abbot argues that libraries have been engaged in continuous processes of indexing dating back to the 1920s to address the issues of the “rapid expansion of the academic population…and their aim has been to make the library a universal identification, location, and access machine” (Abbot, 2008, pp. 10-11).  As he points out, these are the same issues at stake today, and they long predate the Internet and digital library efforts.  In fact, he argues that the basic structure of scholarly communication, somewhat surprisingly in his estimation, remains essentially unchanged from its beginnings in the 1920s.

Nevertheless, libraries and archives must address the changes discussed in this chapter as they move into the future, regardless of whether the changes are revolutionary changes to existing practices or more evolutionary extensions of long-established practices. This can best be done through recognizing that the essential core purpose of libraries and archives remains unchanged: they are dynamic spaces (physical or virtual) for the creation and preservation of knowledge. The architecture of a library is not defined by geographic boundaries, but by the collection of services it offers in support of scholarship.  If associated purely with the act of information retrieval, libraries will face endless unanswered questions imposed by the changing nature of e-research, and may risk becoming irrelevant in the future. If understood, on the other hand, as spaces to support the creation of new knowledge, libraries can revisit and reconstruct their basic services in a way that meet the needs of scholars across all disciplines.  There is cause for optimism: shortly before this chapter went to press, a number of major stakeholders in the academic library realm in the UK announced a two year initiative “to develop a transformative agenda that will help ensure the continuing relevance of libraries to the communities of information creators and users they serve” (Research Information Network, 2008, p. 1).
ArXiv and other library projects that involve the collection and dissemination of pre-prints and forms of informal communications, represents not a shift from the basic responsibility of libraries to support the knowledge creation lifecycle, but a recognition that e-Research practices necessitate their involvement at an earlier point in the cycle.  Taking a broader perspective—across disciplines, formats and time—will show us that while our libraries are amassing huge digital collections, they are not turning into purely digital libraries. All of the issues raised here need to be considered within the context of already large and still growing analogue collections. Once again, if considered as a collection of services, librarians and archivists can take many years of experience with selection, preservation, access, and use of physical collections to expand these same services to the digital. 

There are clearly roles for libraries of the future to fulfil in terms of serving researchers, but this message has been increasingly difficult for libraries to convey, particularly to the new generation of graduate students and researchers.  The “Google Generation” project and report (Centre for Information Behaviour and the Evaluation of Research, 2008) argues that “many young people do not find library-sponsored resources intuitive and therefore prefer to use Google or Yahoo instead” (p. 12). “Tools like Google Scholar”, they say, “will be increasingly a real and present threat to the library as an institution” (p. 13) as “students usually prefer the global searching of Google to more sophisticated but more time-consuming searching provided by the library” (p. 31).  However, while these so-called digital natives may tend to prefer electronic resources, the authors reject the notion that the Google Generation are “expert searchers” (p. 20).  Instead, they suggest, libraries must work harder to show these younger researchers the value that libraries and library resources can add to their research, and teach them the skills needed to assess the quality of information resources.  This may be a generational issue: Hemminger et al., for instance, report that while “researchers still primarily use library and bibliographic database searches…the use of Web search engines such as Google Scholar is almost as common” (Hemminger, Lu, Vaughan, & Adams, 2007, p. 2215).  However, even if it is primarily generational, it is an issue that will grow over time, as older generations of academics retire and younger scholars take their places.  Unless libraries find ways to engage these younger scholars by providing access to the knowledge resources they need beyond simply being the organization tasked with negotiating site licenses for access to subscription-only resources, their arguments in favour of their continuing relevance may fall on deaf ears.
In this chapter, we have discussed the changing roles of libraries in the expanding e-Research landscape in terms of open access publishing of scholarship, the increasing role of libraries as publishers, the disintermediation of the scholarly process, and the involvement (and lack thereof) of libraries in dealing with the data used and generated as part of the scholarly process.  None of these are simple issues, but failing to deal with them will mean that libraries risk relinquishing their central position in the production, dissemination and preservation of scholarly communication.  Doing so would, in turn, increase the risk that the researchers of the future will find that they have lost essential access to the resources they need to advance human knowledge.
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� Arxiv.org was originally hosted at the Los Alamos National Laboratory, but moved to Cornell University along with its founder, Paul Ginsparg.  See Gunnarsdottir � ADDIN EN.CITE <EndNote><Cite ExcludeAuth="1"><Author>Gunnarsdottir</Author><Year>2005</Year><RecNum>694</RecNum><record><rec-number>694</rec-number><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Gunnarsdottir, Kristrun</author></authors></contributors><titles><title>Scientific Journal Publications: On the Role of Electronic Preprint Exchange in the Distribution of Scientific Literature</title><secondary-title>Social Studies of Science</secondary-title></titles><periodical><full-title>Social Studies of Science</full-title></periodical><pages>549-579</pages><volume>35</volume><number>4</number><dates><year>2005</year><pub-dates><date>August 1, 2005</date></pub-dates></dates><urls></urls><electronic-resource-num>10.1177/0306312705052358</electronic-resource-num></record></Cite></EndNote>�(2005)� for the history of arxiv.org, originally known as xxx.lanl.gov.


� In 2007, the Association of Research Libraries reported that the annual cumulative cost for journal subscriptions for their 123 member libraries in the US and Canada was $750 million � ADDIN EN.CITE <EndNote><Cite><Author>Johnson</Author><Year>2007</Year><RecNum>695</RecNum><Pages>viii</Pages><record><rec-number>695</rec-number><ref-type name="Report">27</ref-type><contributors><authors><author>Johnson, Richard K.</author><author>Luther, Judy</author></authors></contributors><titles><title>The E-only tipping point for journals: What’s Ahead in the Print-to-Electronic Transition Zone</title></titles><dates><year>2007</year></dates><pub-location>Washington, DC</pub-location><publisher>Association of Research Libraries</publisher><urls><related-urls><url>www.arl.org/bm~doc/Electronic_Transition.pdf</url></related-urls></urls></record></Cite></EndNote>�(Johnson & Luther, 2007, p. viii)�.


� 1 petabyte = 1 million gigabytes = 1015 bytes


� See the LOCKSS program for more on this issue: http://www.lockss.org
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